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Assessment of Ato-I.L.S. Anroaches

by

- K.E~reB.So., D.I.C.,

In makin flight tests on auto-control systems the effect of tolerances
on the various componnts-in the system my have a significant effect ,on the

* performance. At A. & A.E.S., in recooendlog olearance for the erviqe, it

is reiuired to determine the likely limits of performance that will be met
in general use, from the sallest pra6tioable number of tests.

This note describes the recommended procedure for flight testing Auto-I.L.S.
approaches at A. & A.S.E. and gives a method for estihatig the "Aircraft
Approach Limitation" height. The method can be applil to other types of
approach system. Theobject-of the note is to 'give a systematic method of
testing, ihich from a practicable number of tests covering what are thought
to be the most important variables, *ill give a reazoable degree of certainty
that the A.A.L. height is adequate and tlat the performanco -ill be acceptable
in Service use. No account is tahem of poer flying control or aerodynamic
differences between aircraft.

The report has been ritten in order to stimulate discussion and exchange
of ideas in this comparatively nw field of flight testing; it is not
intenddd at this stage to represent a mandatory flight test, schedule.
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i Introduction

The test t echnque given in thisopaper is basdd-onestablished methods
but takes I account additional variables which have nt previously been

S assessed systematically. The paper is intended to stimulate discussion ad
exchange of ideas in this comparatively, nbwa field of flight testlng but not
it this stage to give-a mandatory flight test schedule. Certain aspects of
the testing will also apply to future "Automatic La ding Systems".

TheebJeot of the assessment is to determine vhether or -not the aircrafttype 1 ill-behave In a safe and comfortable manner during the whole approach on

any ground initallation and also to determiie -the minimmaafe height to which
the aircraft can be allowed to descend under auto-pilit control in non-visual
conditions.

As the-approaoh performance is-affected by a number of variable quantities
(i.e. I.LS. been characteristics, auto-pilot chiiacteristics, aircraft
configuration, aircraft -speed, o'o.) it, is essential to flight test over a
practical range of as-many of these variables as possible. In Section 3,
which gives the recommended test'procedure, most of the variables are listed
but as the possible variations in I.L.S. bea= characteristics may not be fully
appreciated these are described in some detail in Section 2.

In Section 4 a method is given for estimating the "Aircraft Approach
Limit4tion" height. The method is based on estimates of flare and sidestep
distances assuming known aircraft charactoeistics. 'These estimates are
described in detail in Appendices I and I. This method can also be used for
assessin A.A.L. values fe nnial L.S. approaches or for other types of
approach guidance system such as G.C.A.

2. ' I.L.S. beam characteristics

The I.L.S. bean system provides angular displacement Information to the
pilot or auto-pilot, in both azimuth and pitch, by moans of two Ground radio
transmitters. The transmitter providing azimuth information is Inown as- the
"Localiser" cnd it radiates to overlapping beams, equal signals from each
being received on-the ceorreat path and-on or the other predominating if the
aircraft-deviates from it. Near the bea= centre plane the cror signal is
intandedto be proportional to the angle off-the centre plane. It is desirable
for the Localiser transmitter to be situated on the extended rnuway coentra line
as-shown in Fig. i, but in-some installations, due to shortage of landin the
-overshoot ar4i, it has been necessary to place the Localiser at the side of
the runway i an "Offset" position. In these installations the equal signal
plane Is not parallel to the runway centre line but intersects it ahead of the
touch down point.

The transmitter providing pitch information is lon as the "lide Path"
and it radiates tro overlapping beams, In a similar fannor to the Lanliser

$but in the vertical plane, arith t- - equal signal plane inclined at approximately
'-to the horizontal.

Tuo "Marker Beacon" transmitters known-as "Outer" and "Middle" markers
are also provided and these are placed along the approach path at fixed points
to give the pilot rpoiive range Information.

The azimuth and pitch angular distances from the two beam centreplanes
are. displayed to the pilot on an "5.L.S. Meter". The meter has two pointers,

one vertical- and one horizontal, The pointers move over a scale on which is
uarid a circle, in the contro, and four dots in each direction of movement.
Thecircle radius is one dot and the full scale deflection is said to be five
dots, which 'corresponds 4to a signal input of 150 micro amps. In an automatic
approach the pilot monitors the approach by reference to the I.L.S. metor. i

-- '-A,



2.1A. etting-up requiroements The folloing are the main beam

requiremeati affecting performance testing as given in Ap.2888.H.

re (I)a. In-line installation

The airection of the "course line" of the beam must be
along the centre-line of the runoay. (No limits given but
within 40.10 of the centre-lie is-thought to be reasonable.)

(I)b. Offset installation

Thu direction of the "course-line" of the beam must
intersect the otntre-line of the rummay at a distance of 1660 ft.
'dn wind' from the glidepath transmitter. (No limits given.)

(I) The preferred angular width for 15.5 D.5P' (150 micro
amps thich is full scale doflestion of the I.L.G. meter i.e. .5 dots)
is +2j. The lisits are +2

° 
to _3

.

(1: ) At 4750 ft. from the glidepath transmitter it is recomendod
that the beam ridth is ±500 ft. Tho limits are ±40O ft. to +650 ft.

It follows from requirement (ImI), rhich is intended to give a reasonably
standard beam sensitivity round about the break-off height irrespective of
runway length, that for in-line installations, as the runvay length is
increased,the beam angle vrill have to be reduced. In the cas6 of the
A.& A.E.E. runway where tao locelior to glilde-path transmittcr distance is
9,900 ft. the beam angle has to be restricted ithin the range of 2 to 2.5
degrees as shown in Figs. 2(l.) and 2(B). Fig. ?(B) shows the percentage width
variations allowable at 4,750 ft. from the'glide-path tranomittgr (approx.
middle marker and break-off height region) and also at 8 n.m. (approx. beam
capture region) for variation in distance botween localisor and glide-path
transmitters.

The effective aircraft to bean gearing (i.e. correcting signal to
aircraft/linear displaoement from beam contr6 line) will be inversely

- proportional to distance from the beam origin and at a Given distance from
the beam origin will be inversely proportional to boam vidth. 'no distance
effect on gearing, is of course inherent in the anlar oystom used and oven
assuming that all beams are Identical the auto-pilot systom ill alwAy have
alarge gearing variation to contend with as it proceeds down the beam. In
general auto-pilot systems-appear to have csped ith this effeot but trouble
has been experienced on one partioular aircraft. It is considered that in
order to make sure that a system has the beot compromise ceto-pilot gearing
settings and that no difficulties will be experienced on beams having extree
idth characteristios, then tests should be made covering the width tolerances

allovable. The break-off and turn-on regions are probably the most critical
from a gearing point of viewt and at those appreximate ranges Table I shows
the maximum effective gcaring change possible in going from three hypothetical
testbeams to any other installation and also to some actual installations.
The test beams assumed have a glide-path to. loollsor transmitter distanco of
9,900 ft. as at A. 6 A.B.E. 1reo angular widths, covering the allonable range,
have been given as tho'widths ill vary from tine to time when the bean is
reraligned.

-, -- /''ablo.l(....

'Difference in depth of moulation of two tones. See Ref. i.

. ThI angle or distance on either side of the equal signal plane at wihich
a signal of 150 micro amps is recorded is toremd the "bean idth". It will
b appreciated that the 'bea

m
! referred to is hypothetical and is in fact

made up of two overlapping radio beas in order to obtain the reqired

-charateristics.

_____ __________
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2 ) Table 3(.) gives the characteristio of .A.P.-l.L.S. installations as
mceasued in 1959 and Table 3(B) Cives the characteristics of some other
aetodrozes. It All be seen from these Tables and Taole 1 that practical
installatiens are likely to cover the hole ransga of allowable indths and an

* seecsos -actua y go outside the lmits. In tosring auto-.L.S. perforrncose
it will thusbe neoceso

n
ry to 'fly the cystem either on ,eans having extreme

characteristics, if those are know, or else ona test beam having kthn
characteristics with the auetoeplet to boes signal goaring values scaled up
an& doa to'6imulato the extremes which can be encountered. The gearing changes
neocsc y can be calculated Prte Fig. 2(B). As beams having the required
iidths are not lways availaule and on sane aircraft it ay not be practicable
to vary the auto-pilct goariags, it is conveoniont to have a calibrated test
beam chich can be adjusted to give the requirod extrena characteristics.

In-g5enoral it will so nccessary to makec flight tests on "offact" as well
as "in-liho localiser installations; an j rtieular it as thought that some
of the present offset an les in use may introduce course correction dif,'clties
in the break-off region, especially on the higher sped aircraft.

The beam centre line mry be-somowh-t erratio on some instllations, due
possibly to refleoctions from vdrious greund objects, and on systms which are
rate atabilircd frm the I.L.S. beam signal this effect ay be serious. On
this type of'oystam the effect of beams knoe to be adverse in this respect
must be assessed.,

2.1.2 Bean safoty eat-out renuireents. 1ho following er ,e
requirements for slanzs to operate end the beam to go off the air:

(1) Shift of the course line by more then 1/3o.
2 Reduction of power output by ore than 501$.

(3) Change in beam width of more than 4i.

Beam variations an be duo to variations in the ground equipment
perfeormance or possibly feult conditions. The actual acunts of shift likely
to be exjperioncsd in gncerl operation are not knOcm, but it is conceivable
that the beam -ay be operating anysihere rithin the cut-out limits. Variation
in cwurse line will have obvious effects on sio aircraft approean path, change
of poser output should not appreciably affect the approach perfoss nco, but the
beam range vill be reduced, and change in beam ridth ?Ill have a direct effect
on the aircreft to beam goaring.

In order to cater for possible variations in Service us,it is
considered thatheten tosting,zoo additional bank-to-lcalisor 6earing change
should be mado tP allow fo t1ril factor.

Inessessing A...L, hoiht the posibility of a course line shift should

also be considered.

2.2 Glide Path

2.2.1 Setting-ce reourr ent3. ohe following are the main beam
requirements affecting porforoanso tostig as given ir .,P.2888.H.

T() Tir glia-path angle should be 3 doeros. The limits
are 2.9 to 3.10.

(ii) The preferred angular wlths for 17.5 D J?.M (150 pa) are:-

(a) above bean centre line, .15 x be= anele. The
llmis aro .11 to .19 x boe angle,

and (b) below% beam contre line, .25 x beam anglo. The
limits are .11 to .33 x beam anglo.

. t /he... I,



The effect of veriatton in basic bea anglo in the range 2.9 to 3.1c t
should not appreeably affect the pe'rforance. '.Ithoueh not lendtonoa in
.P.2888.H, the I.C.A.O. Spocification poer.its a bean angle of up -to 40 if the
local terrain gives iniuffrioent coearanee with a 3

0
°bcam. In considering

aii-craft-vhich nay operate from civil bases It is possible therefore that a49 beam jo,,bcencountered and on auto-pilot systems having variable gearing,

on 'a fixed-time base, for the slido phace, this difference in anglo is signfi-
6ar.as the glide tize Vill be reduced considcrably. Engine response also,-ay
be more critiocl and in te nase of syites having an auto-throttle facility
it nay be necosoavy to cheek if the throtle serve has adequate authority. It
is thought horever that 'there Are no 49 booms at 'precsont in existence.

Variation of bean angular depth will affect tie effective aircraft to
bean gearing as for the localipor and Table 2.ahos the gearing verlations
possible for given test bea chaacteristics. It rll be seen that the possible

oarinj variations Are very large end that, as for the lonalieer instollations,
the moasurei ,value it aetual R....P. installations appear to suggest that the
Nvholo range of allowable lidthe may ccell be encountered in practice. It would
thus appear ossential to fly on beams having knTwn extroo characteriscs or
else to make the appropriate gearing zodifications on a test beam of knoon
oharactoristics.

2.2.2 Bean safety cut-out reouirenonts. The following are the
requiroments for alaras to operate and the beam to go off the air:

(I) Shift of the course line by moro than .1 x bom anglo.
() .edution of power output by more than 50/6.

3 Change in bean idth of more than 1O%.

The effect of a glido-path anglo variation should be considered in
relation to tize-variable glide path toaring ayctois, aso engine response and
the authority of auto-throwtle systems.

,ts in the case of the localisor it is considered that a further gearing
charng should be node in order to allow for possible variations in the beo
width vithin-the cut-out limits.

2.3 Other.I.L.S. features affecting Porerrance tasting

2.3.1 I.L.S. receiver calibration. Doe to variation in standards
of modulation depth it is difficult To calibrato t4o reeiver equipment
accurately and this fact tosothtt ith setting up -arrors results in different
aircraft, on a given beam, giving considerably different zignal outputs at a
given beam position. Table 2, gives figures obtained frem tests at B.1eE.U., on
Service equipment and the order of cho error can be seen from columns 4, 5 end
6.. No equipment is being developed to improve the standard of measuremont,
but it is suggested that allowance eheuld te code for a posiible further ±3%l
lnocslisr gearing variation, when testing,in order to cover this aspect until
the, now equipment is available. ., possible ocalloer contre line error of
±0.2 degrecs should also be taken into Account whon asessing the L. noight.
T1he effect on the glido path slghal is not thought to be very largo.

2.3;2 \erial wosition oi atreraft. On large aircraft where the
aerial is a long vey from the' aircraft centre line the aircraft ill have a
standing error off the boon centre line. This error should net exceed the
distance from the aerial to the aircraft contra line And it is thoght that
in some cases it will be less, as it appeas that the effective beo receiving
position is sozetines inboard of the actual aerial pesition. ihis factor
should be taken into account when oscessing the .. A.L. hoiget but it ilT of

S L course-be included if the offset distance from the rum, centre line is
measured by photographing the approaehds.

/I...
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{ach Eocenade test prcedure

Each syate nust be treated en its ore particular merits and appropriate
features exained in dtail, but it ia thought that the folloring progra.ce
will cover most of the important aspeots .hieh ahould be examinod at some
stage.

3.1 Instru-entatlon

trace recorder should be fitted in the aireraft ana pilot operated
event =irker included. A paper speed of about 5 vi/sco. is suitable. The
following ninixu neuzbor of quantities should be recorded and the approximate
eenaitivi~es required are given in brackets.

Airspeod (t I kt), height + 5 ft;),, normal acoleration (±.05g),
LL.S. signals (± 2 4a), throttle position (+ i%), angle of bank (+ '),
ang ie of pitch (± eo), aileron angl (±.go) and elevator angle (±.Ic).

The bank and pitch angular sensitivitiao quoted are only required for
assessing short period oscillations and it is not ncceasary for the long
tern datums to be hold accurately.

-- ground camor system should be available for calibrating the test
aircraft and bea ooabinatlon as Indicated in para. 3.3.8.

If possible a radio link facility should be incorporated to record the
Marker signils and event mark the aircraft trace record, in conjunction ith
the ground camras v on in use.

3.2 Ini;tial look

In an auto-I.L.S. ahproach a typical procodure is for the pilot to engage
the autorpilOt on the doanind leg of a 0... . typo of circuit. Max. lift
flap and undaercatrlago down are also selected manually on this leg and at a
range of about 8 to 10 miles from the ruoaoy, rith an offset of some 4 ailea,
the aircraft is turned onto the base or orosaulnd log using the auto-pilot
turn controller. Vhen about i or 2 miles from the extended runrey ceontro line
the pilot, having sot up the renwy heading correctod for drift on the heading
selector, manually soelets 'track'. Tho auto-1lot in respon"e to haading and
16clisor error signals then turns the aircraft onto the extended runnay centre
line. The pilot selects amak. flap at some convenient atago of the final
approach and at tbeot 5 eiles range from teuohdown, chen the .I..S. glido-path
pointer approachcs the entro position, he selects 'Alido*. The aut-pilot in
response to a 3 dgro nose dows signal and any .L.. error signal from the
glido-path centre plane then flies the aircraft down the glido-path. If no
auto-throttle facility is incorporated then oca manual throttle adjustnent
ay be noossary to maintain the right order of speed. .. t some height,usually between 200 and 300 ft., 'he auto-pilot is disengageod and manual

corrections rado to line the aircraft up ith the runway, and land.

In the initial testsflights should be mado using the optimum procedure as
recoamendod by the Firm on a normal G.G.A. type circuit at 1,500 ft., engaging
track at approximatoly 900 to the beam, -2iiles Lffset sad about>8-10 miles
fromtouchdown. The followig features should be noted.

3.2-4 In circuit. Ease and speed of exgagIng and disongaging the
auto-pilot systom, speed aw. height holding, ability to hold trim, changes due

£to lowaring flaps and undercarriage, residual oscillations, turn controller

response and cuthority, also any tendency for the auto-pilot to trip out if~appropiiato..

3.2.2 2jcL1Lpso., Turn responso,. speed and height, holding,
ability to atabili -o n the boea before the glide phuso, ase of breaking
off a pr6aoch and returning to circuit. xK

/3.2.3...
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3.2.3 Glide-Phase. Response to glide selection, ability-to
stabilise quicklyon the beam, speed and beam holding in track and glide (in
pirticular the onset of any aircrsfteam oscillations,, the azimuth and height
of the aircraft relative to the bee end- the-runway at break-ffi the anse of
disensagingth-autotpilot anh the- ut-of-hi

. likely to 1e ensountered if the
auto-pilot -is out out or cuts out t any stage of the approach. The minimum
height f6om which a satiafaosy-overshoot can be Mde should also be asessed.

32.-4 Preliminary criteria for satisfact=ry erforance in
rcasonably sot air

(x) Circuit

Speed + 3 kts. )lax, bank response-,about 10/sec.
Height' 507ft. Bank, authority ± 300.

Speed + 3 kts. hax. bank resons about 10
0

/sec,
"Height + 50 ft. and ± 100 ft. in turn on. Lscliser within
+ i dot-at I mdle before glide (no cross wind og6ponent)
and held afterwards down to at least 200 ft. A.G.L.

Speed ± 3 kts. tlido ithin ± 2 dots after losing 500 ft.
height and held aftertars down to at leant 200 ft. A.G.L. No
oscillations of Wplitude, greater than ± 20 in pitch angle.

3.3 Detailed assessment

If the performnoce is considered to be satisfactory using the recozz,.ended
procedure and the criteria given in 3.2.4 then the effect of the following

parameters, should be assessed-where appropriate.

3.3-.1 Speed. The-approach speed should be variedby approximately
5 kts either side of the optimum.

-- - 3.3. 2 "eight. centre of gravity and configuration. These parameters
should be vAtied over the appropriate ranges for the approach. This assessment
should include the effect of external stores, selecting flaps and dive brakes,
if appropriate, at conditions eithcr side of the optimum time and also the
,ffeot of having no flaps (or other high-lift deviees) or air brakes
operational.

3.3.3 Aircraft to beam Isplacesent gearing. Taloranoes on beam
width, manufactus'e, power supplies, atmospheric conditions and the I.L.S.
redeiver calibration will all affect the value of this parameter. It is
considered that the overall goarinS valucs on both localiser and glide path
should be varied in some way in order to asesso the effect of these tolerances.
TheaMouits the overall gearings should be varied-aro deduced In the following
estimates:

" (1)Lo-ealiser

(a) Beam width effect

- liming the test beam charaoteristios it is assumed that
the gearing variations wrill be mast Important in the A.A.L.
height region (i.e. eround 4750 ft. ranga from the glide path
transmitter). The width limits at this range ore 400 to 650 ft.
and hinoe-if'the test beam width is w ft. thi possible gearing
changes in going to these limits are:

-: _A>.,..II __ _ _ _ __ _ _



(decrease of 0

There Io also thoposib ity of a + 20% -variation in
aring du6-to boom fluotuationo. '(See para. 2.3.2.)

(b) 'Specification tolerances inaeto-pilot system

This should include the effeot of manufacturing, power
supply and atzopheric variations. It is assumed that values
arc available fron the manufucttcers, say for 95% of auto-
pilotes the combined effect on the bank angle to bocaliser
cignar gearing is within + SAt. The test aircraft gearing
should be found from a ground calibration and he error from
the nominal oetting is ascumed to betX.,

(c) ~I.. Receiver calibration errors

The-R.A.E. Bedford tests indicate that 99% of receivers
will probably have an error within + 30. The test aircraft
receiver ihould be calibrated accurately and it's err is
assumed to be r%.

(d) Coobined f foct~f (a),.() a c%

In allowing for the combined effect of theec tolerances
it is considered that the possibility of operating on any
beam should be included and that the full beam width tolerances
should be taken into account. However it is assumed that the
probability of encountering a beam at one of it's limits together
With the other toleronces at their limits ts small. As a
practical cozpromis it is considored that the following overall
changes should be nude to the initial test gearing.

(1) An increase of[3?, ./2-0 +St T 352 - (t, ar)%

(2) A decrease of LTI, /2c S,2 + 332 + (t, r)t%

tA and r are taken 43 poitive if the errors tend to
increase the overa)l gearing. I it is notpracticablc to
meanure these values then reaonablo gearing changes to make are

considered to be:

(1) Ain increase of j + 2 +a~ Sv3TA2]

(2) A decreaeor' 01'7, + r/i490718A - 37~ 3A

It is hwever highly desirable to maseuro tA and r, as
in order to obtain a reasonable degree of confidenoo in the
test results from one or two alriaft, the gearing ohango
required will othorise be exeesivo ,in one direction and nay
prodace unacceptable results which ara not representative.

*The-overall goarin variation can be obtained by assuming
a linear auto-pilot gearing oalibraticn and making the appropriate
percentage changes to the initial toot nominal value. It the
total gearing changes are not eaily ovaeinod by adjeUting the
auto-pilot, then part of the rortuirod g,4ring changes can be
achieved by eprating the test bean at it's limits, thus
reducinS the required ohango by Wl and 12 in the two cases
rospaotively.

l~t... - ,
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It should be noted that in combining t,.e tolerances in7

the manners indicated it Is intended that the overall geari~rg
limits obtained shoulid represent the values which are not likely
to be exceeded in the order of 95% of cases, when operating on
a beam-it it's 95% limits. The method of combination is not
stictly valid, but with the-actual valuesof the, tolerances
likely to be' encountered it is -considered that the erder of
probability, obtained is reasonable for-thie type of approach,
"here although extremcely undesirable, the pilot can -in -meet
cale6s decide to go round again if the conditions at break- off
are 'toe adverse to oak, A successful landing.

(11), Glide Path

(a) Beon width effect

In this case the boa= width at all ranges from the glide
path transoitter ie proportional to the beam eagle and the width
limits ame .~1 to .19Q above the beam centre line and .110 to
.33Q below the been centre line, where Q is the ah gie of -the
been-centre line. If the teot been width iseAj abovo the centre
line and (2 below then -the possible Searing changes in going to
the limits are-/
(1) A gearing incresee of 0( 1 )0 'A5aovth

5147s A ) 100 = t1Bq below the

and (2) A Searing decrease of (I )A00 = WA t above the CL

and~ 10 a 22",, belo the C

There do. also the possibility of a +2CF variation in 8earing
due to been fluctuations.

(b) Specification toleranes

Those should be obtained s for the loceliser case but
apprepristo to the pitch rearing. Soy 95% of auto-pilots arc
within + Sg' and that the testairoraft has an error of t

(a) I.L.S. flecoiver

This effeot is assumed to be negligible.

In order to flight-test the effct of tee variations in
gearing, the best method, because of the unsymmetrical width

* liMit3,As3 to use a variable bcen.,hich aan~bo put to its
appropriate limits for the above end boleow centre line eases.
in aadition allowanoe for the effet of fluctuations and
ociiotin tolerances should be node by increasing the auto-

pltgeaig by [ S40 +g2 - tE )% and reducing It by
$ '[1100 sg+t 1  'of the nominal setting in a similar vay

to the localiser toots.

If it is niot practicable to vary the test beam in this cway
then flight tests should be sade with auto- pilot gearing values

(1) Increased by[ W1 +. /40 +SE - tE )%~

and (2) neduoed by +v1O Y _+
2

,+ tE])% of the nominall~~. gearing. b
A1 should...



thi gehUl be taken as the 'eate-ot to 
1
A1 and lB, values

pessimset viw, aa t aetuah-ee V imite are. uisycmetrical,
- and wherever possible a teat beam-having the,desared extiieecharacteristies should be-used.

if tis not known it should be taken as -' St in the most

adverse sone. Whenever possiV,1 the a6tualvvau of tshould

3.3.4 Circuit Pattern. The circuit height should be varied between

1',000'and 2,000 ft; with appropriate variation in the upwina-distance at which
the track torn-on phase is eade. The minimum value of this distance should be
ascertained ,aking the track seleotionat several angles to the beam centre
line betveen 0 and -1750. 

Bth left and right hand circuit should be tried.
Te 'ability of the-auto-pilot system to change circuit heirht from straight and
levelflight and afte r a turn should also be checked.

3.3;5 Distubancohes t .. S. sianals. The response to some
disturbans will usually be noted in the general flyina as other airofrkt fly
across the beam. If hcis is not coisidered aufficienta point should be made
of checking the effect of other aircraft.

3.3.6 11ind. The effect on the turn-on perfor:nco of thehigheit
- possible cross Vw3-speeds up to 35 kts should be assossed and, also the effect
of similar strength, tail and head windz, on the Glide porfermance.

3.3.7 1rohheadine aelectien. "Zith heading stabiliced systems the
effect of + 100 wrong heading selection,should, be tried in order to- ch6ck the
effect of-cetting up the wrongvind correction. On a normal system + ib°

should produce the order of + i det error in track.

3.3.8 Erratic beam centre line. laith aystors vhich~are rate
stabilieed:from the I.L.S. sitnalsa point shouldbo ride of fr'ing on
install•tiona which

+ 
cce known to be adverse in- this reepect.

3.3.9 Glide selectien. This should be tried, say, 2 to 3 dots either
side of the optimum.position,,in order to check hoi well the aiicraft dimpa
onto the glide path iwon initially displaced.

3.3,.0 Throttle-dustment. The sensitivity of thobam hold to
reaacable-throttloadjustsents should be chocked if no auto-throttle is

S' Incorporated.

-.3 11 Offset localier. An so many offset looaliser installations
are in general use it is considered that the suitabilit ' of the system to eater
for typical beam interoept angles must be chocked by flyingonan appropriate
beam.

s b3.3.2 One enge out,. If appropriate the effect of one erino out
.s!hould be assessed.

3.303n u Thepossible effects of a poter
control stem failrs should eonsid dhsn appropriate.

3.3.1kg Glide Path. Tests should bem on gid Path
th-a-is likely to be eounered.

3.3115 El 'These should be chocked as inothi flight-
cases for appreciatlon plus reaction tiads of up to 2 socs. In particular,hegt love in rllinj'and pitching maosvraauand noarnos to pro-setatll"

cffocts should be measured. It is-felt tbat,2 sees. is possibly too long
for aisrea~t having high response rates (ispeoiol*~ in a pitching ssaso)j 'buU
it ti o$eiderod that toots should bosad or-saosesea for this-period ot timei wasabot "*a and-the risk determined on this'basa until a bette 'ethodtcn

V /3.3016...
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3.3.16 Turbulence and bad visibility. If the general performance
4Z. ,atisfactery then- checks should be ade, on the optimum and any marginal
cases,.of the effoet-ofturbulence (up to No. 6 approx.) and every effort cads
to gain experience in bad visibility conditions.

3.3.17, Aireraft'charactristies. In order to assess the "Aircraft
Approach Limitation" height it is considered that at some stage of-the flhght
testing, tsts should be made to determine the maximum angle of bank and rate
of roll likely to be used in a sidestep manoeuvre at about 203 ft. h&ight. The
normal aceeleration used in flaring should also be -determined.

3.1.18 Number of tosts-under each condition. It is extremely
difficult to be-pracise in this respect and the number required 4ll to a
large extent depdnd on howthe initial flying progresses. In rough figures,
on'a nem system ft is-ceo'sidered that a minimum of about 50'approachos should
be made and of these about 15 should be in the finalised nbcmal approach
condition and about 20 with the a0etadverse goariASs. It is important in
those tests to coor as large a range-of seather conditions as possible. In

- order to check if theroare any appreciable effect due to other variables at
a - least 3 approaches should be made in each of the appropriatecenditions. If

a particular variable appears to be siqnificant then further tests will of
course be required if a realistic value for the magnitude of the effect is to
be obtained.

One flight should bo-ade to calibrate the aircraft/cam combination
at the time of testing. This flight should be photographed from the ground end
should consist of about 5 manual I.L.S. approaches; the first should attecpt
to hold both bea centro planes ah the-ethers should hold some 4 to 5 dots
en each side of the leoalisrS ana glide path centre pltms in turn. In this
way if the I.L.S. signals are assumed to be linear, this calibration can be
used on other flights on the szan beam to give a tsasonable idea of the
aircraft displacements, both from the beam 4ntre planes and the runway, if
the range is obtained by reference to the Middle and Outer Marker signals
recerdea or the tries in the aircreft.

4. Estimation of "Aircraft Approach Limitation" (A.A.L.)

4.1 General

In order to estimate the minimum safe height to uhich the aircraft can be
alled to descend under non-visual conditions ,t is assumed that the following
criteria must be satisfied:

(a) At this hsight the pilot must be able to appreciate his
position rlative to the rumay.

(b) In the order of 95% of approaches the aircraft must be in
a position ouch that it's vertical and lateral displacements
and track from the ideal approAch path can be corroeteddwith
enough height loft to flare onto the rurosy.

(c) The aircraft must be capable of making an overshoot from
this hoight if the pilot considers this neocossary,

In order to satisfy (a) it is stipulated that at the A.A.L. the visibility
must be such that a minimum of two ross bars of the Calvert ground lighting
system can be sen. In otimating the A.A.L. a time of 2 secs is allowied for
the pilot to aspeceiato his position.

4.2 Vertical criteria

In order to satlafy (b) the vertical and lateral cases are considered
separately. In the vertical plane a 'displaccment or tracking error from the

t tlie...-~-*
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j glide -path centre plane T6l1 if =Corrected, cr-not fully corrected, affeot

the, actual touch down point and the allowable error lill depend on the length
of runway available and the position of th nominal touch down point (i.e.
G.P. ax position). Reasonable general criteria are considered to be that when
the A.A.L. is reached the aircraft should be net more than . 1o away from the
beam cntre linetand should be on an nstataneous flight path iielinediat not
more than + sh to the b eam conta li nt.

The other consideration in the vertical plane is the vertical velocity, at
touch down. A reasonable value for this is considered to be 2 ft./sen. and on
this basis Fig. 3-giv" the height which must be allowed for flaring from, a 30
approach. The curves ar based on the assumption that the sp6ed and normal
ac:elez sion are constant during the manoeuvre. The mean speed used during the
flare is assumed to be less than the-approch speed and the methods-used for
calculating both the flare speed and the height required for flaring are given
in Appendix I. The value of normal acceleration used during the flare will
depend on the aircraft type', however if no infoimation is available a typical
value for aircraft other than Naval types is about 1.03g. As-the instantaneous
flight path at the-A.A.L. is assumed to-be acceptable up to 4 it ight be
thotught necossary to check ehiat the flare is possible from this angle in the
available height. It will be found h6ever that in general the tins which must
be allowed for lateral correction Is more than adequate for the necessary
adjustment in glide path t6 be made at the same time as the lateral manoeuvre
and this technique is assumed tobe used.

4.3 Lateral criteria

In the lateral plane any offset or tracking error may require correction
to enable the aircraft to touch down on the runway and in Appene ix It a
method is given for estimating the tim required to correct the approach path,
assuing that the initial conditions are given together with values for the

=axinu usable angle of ba.k and rate of roll. The results are given in
Pigs. 4 and 5 for zero arid 50 tracking errors and the figuies can be used to

T plot boundary curves of sidestep distance at a given height on the approach.
The method of use is probably best illustrated by the following example:

14. Draw the lateral manoeuvre boundary curve for 250 ft. true height, on a
3 approach path, for an aircraft having the following characteristics:

120 Approach speed 140 kts, maximum angle of bank 15
0
, maximum rate of roll

1bee., mean normal acceleration in flare 1.03g and the tracking error will
not exceed 50, Assume olso that the pilot appreciation tim is 2 sees, that
the aircraft must touch the runway within + 25 ft. of the runway centre line
and that an allowauice should be ma i for a-tail wind of up to 10 kts.

Us a tail wind of up to 10 kts may be present the times available for
flare and sidestep will be estimated using a true speed of 150 kts.

On this basis from Fig. 3 the height required for flare is 77 ft.

FLARE SIDE5TEP-
'

ACTUAL 1_77/0v-
-LTOUCH OWN25/I.
'a''.



Me tim available for the sidestep manoeuvre is:

= | _1 0 x l . 6 ;9 2 1 s e e s .

y6 = +165 ft. for cero tracking error'(*,,. 0)

Boundsr points are + (165+ 25) = § 190 ft.

From F'ig. 5B

y6 = +275 ft.,and -30 ft. for 5
0 

tracking error (o =+5
0
)

Boundi poits are +275 + 25 and -30 o - 25
i.e. +300'ft. and -55 ft. for to = +5

For *0 
= - 5 0 

there will be two other points which are
numerioally the same as for *° = +50 but ,',ith the
opposite sign i.e. -300 ft. and-+55"ft.

The lateral boundary curve oan now be drawn as shown below:

S.

INITIAL TRACINrGJ
ANGLE 0MG5

~g~o '*6

-300 -z oo 20oo s IssTE

In the example a figure of + 25 ft. from the runway centre line is used
as the lateral touch down criterion. This figure is rather arbitrary and
will dspend on the width of runway available as well as the wheel track of
the particular aircraft concerned. If 50 yard runways are to be used then
for large aircraft this seems to be a reasonable figure.-

Approach speed variations and tail wind will affect the boundary curves
calculated in this way and it is considered that 10 kts should be added to
the nominal approach speed in order to allow for these effects as indicated
ini the example.

In order to estimate the A.A.D., boundary curves should be drawn for
several heights in the expected A.A.L. height region. Points obtained from
the test results should be plotted at each of these heights and the A.A.L.
height for the particular sVsteM determined as the height at which the
boundary curve contains 9 of the test points, providing the vertical and
overshoot criteria are also satisfied at this height. The value of height
is also subject to the visibility requirement being satisfied on an actual
approach. In obtaining the appropriate test points to plot in this way the
following features should be noted:

/A)...
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(a) Localiser cearing variations

The results from all tests =,de with adverse gearings. should be
included in th. plots. If it is not practicable to cake the'full
geering change required to simulate adverse goaring tolerances then
an estimate can 'so made, from the fligt, tests, of the effect of the
partial gcarig variation providing the gearing chao possible ioeat
lestof the order of 50% of the total change rd4uirod. An alloanece
for th, full gearing change should then Xbe rde byplotting the nominal
gcrlng-vlue test results scaled-up assuming the gearing effect on
offset distance and track to be inversely proportional to the gearing
values plus a constant i.e.

[offiet distance + k2

If only a sall variation of gctering or none at all is possible
then as a very rough ftrst order approximationthe offset aistanbces
and track angles obtained from the nomnal tet results should be scaled-
up as the inverse of total gearing reduction required i.o.

'[O ffset distance

Tais latter procedure is very undosirable and should only be
used as i last resort.

(b) Offset aerial en aircraft

If no information is-available on the possiblo effect of this
feature then in estimating aircraft'position from localisor signals
in the aircraft, on a beam installation lhioh has bean calibrated but

4 ' not by the particulsr test aircraft, the effect of the offset from the
aircraft centro line (1) ft should be included in the estim9tes by
assuming, that the signal appears to be received at the actual aerial' • position.

(e) Localiser reeoiver calibration error

en As for (h) ten estimating roraft position on a bom installation
on which the t estairmraft has not bee poitno an i onno fo n
the effect of the localiser receiver error (0 degrees) should also be
included.

,An additional consideration is that the B.L.E.U. tests indicate
that in / of cases the probable error on the effective contra lino
position will be outside + 0.2 degroo's. In order to allow for the
possibility of having rceiver errors of this order of magnitade in
Service use, it is considered that an allowane for an error of
(0.2 - 0) degrees should be made on all the test rosults. The
alloance for this effect then eonbinad with other similar effects
isgiven in pars. (P).

(d) 77rong hoading selection

The tests using a i00 wrong heading selection should not be included
in the plots directly but the effect of a,20 heading error should be
doduced from those results. Becauso of the difficulty of estimating
wind acourately,. a factor hich mny not be brought out ndequdtely by a
limited number of tests, it is considered that an allowance should be
made for 66 offot-of this 20 heading selection error on all the test
results as indicated in parn, (f). The effect on tracking anglo is
assumed to be (V) degrees.

(e)...



(a) ..Localiser contra line error

The beam centre line position ~e-
may not lie along the runway centrei <
line, u to initial setting up 3. Wi 0 AIRCRAFT

-rosoveriations with, time, clue AT RANGE
possibly -to variation-in~thegrouia FMOM
equipment-perdormence ora fault 3
condition. Tb:6etr line~iie IX J

to roughly- a egree, from the In
nominal centr position,, which is ,
assumed to beat a mean velue~f
9 degrees fron the runway centre- ,

line. This position is determcined
by a-specially 6alibratedlaircraft - 1
making a-series of runs 'over a

-reasonable period of tine. As!
aircraft p6siti~n-in the auto- /
>I.L.S. triiii will in general'be
estimated from~a limited nmbe

'of cilibratio6 runs made on one
J fitwith the particular aircraft / P ILa

uertst, this calibration mV''REEVR NUA
givea bam cfite lne, s sownERROR,

in the sketch, at'anangle of L ISOFFSET OF
(+ 8 ) degrees to the runway. AERIAL FROM

There is thus the possibility of 09 AJRCRqAFT
error in the estimates Of Offset
distance and track based on thisT llatter calibration as- 8t and
consequently 8 may have varied during the overll' test period. In addition the
value 'of- P'wifl depend-on -the particular installation and sU: account Should
be taken of this in assessing the likely offsets in Service ume. Although no
evidence is available it is thought that the value of (F. + V.) is in general
uniliely to exceed the order of + I degree, although a',lsrger error is' possible
'due to initial misalignment with either ground equipment variations, or fault
conditions. These effects could also conceivably be increased by tolerances in
the cut-out system. On this assumption it - i.ocnsidered reasonable to make
allowance fora& centre line erroi,,of up to'(1- 9 - R~) degrees iLe.

y ~) degrees, when plotting all the test results.

The allowance should be made as indicitedin(f).

(f) Overall allowance for effects of (c), (d) and (a)

It is considered that a reasonable overall allowance for these effects
is, o add an offet distance and track angle, to all thi test recults to be
plotted, appropriat, to a centr, line error of:

v'(-g2 +(1).)2 8 + )] degrees

This siMplifies to:

____ '' ~ " )Idegrees
* where Y is the tracking error in degrees due to a 20 heading selector error,~



1 7f-.---t7-
l is the apparent beam centre line, in degrees from the runsay 1

%" heading, at a range of y ft. fro the locahecr Tx. 'ncs value

is obtained from the testsaircraft calibration.

li-stho offst of the 2ocalier aerial fromthe aircraft centre
lf e in ft.

-Careshould~bc taken when plotting the results to ensure that a eoeon

sign convention is used' throughout.

(g) Offset Locallsor

In order to eater for -the worst offset angle likely to be noct in
practice, it is considered that in addition to plotting the "In line"
localisor results, a separate plot should be mae with these results
modified to simulate results which rould be obtained on a 5 degree-
offsetbeam. This is assumed to be achived by adding the offset
distance and track afi6e appropriate to "he 5 degree-offset centre
line at the~rang Tequired. AtuaL results from "Offset" installations
can alse be plotted directly when corrected as indicated in (a), (b),
(c) and (f) for the "I--lino" results.

In order to include these test results it itill be necessary to
extrapolate the lateral boundary curves for tracking a, gles of up to
some 7 to 8 degrees. The oxtrapolation ill in genenl be satisfactory
up to these angles, but-if this is not adequate to include all the
test points it-may be desirable to use the nthod in Appendix I in
order tb extend the boundary iurves,for larger values-of tracking angle.

The A.A.L. height should be computed from the nost adverse of the
"In-line" and the "Offset" plots.

4.4 kalfunction criteria

In general malfunction tests have been made at A. & A.LE., in ordorzto
ascertain at whaf heighta malfunction could be dangerous, and not to modify
possibly the value of ... L. dctermined by the vertical and lateral criteria.
On most- aircraft tested every effort has boe made to keep tle heijht loss as
'samll as possible brthe 'incorporation of safety rut-out devices and usually,

- ~even allowing a 10C% margin, the value of height loss <stained frem tests
would not have dictated any increase in ,..A.L. if this had been n additional
erierionw 'hen the height loss has been critical this factor has been stated
in the te " ofthe Release, but it is felt that the chance of a failure in the
final stage of the approach is not high enough in general to justify an
increase in A.A.L. value, which in itself could increase the accident risk by
increasing the "diversion" rate with more ehance of running out of fuol.

5. Conclusions

The method of testing indicated in this report is intended to give an
A.A.L. value which is adequate on pcrforcanco'gounds for 95/ of the aircraft
type,operating on any ground installation hich is nornally within the setting
up limits. The criterion used in doteriniog the A.A.L. value is, that any
of the 9% aircraft should have not less than the order of a 95% chance of

making a successful approach on any one of those installations.

This criterion may be thought to be too advorse as the overall chance of
having a I in 20 aircraft oporating on a beat at it's limits is by itself
small. Hocovor as there will in general be a small nunber of the aircraft
type involved and these aircraft may operate on an adverse installation over
a considerable period of time it is difficult to make an overall statistical
assessment and the eriterilo used is considered reasoeealo.

I /in... ,
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In the past A.A.L. heights have been assessed withouttaking-as much
account of the effect of system tolerances and consequently it is possible
that some of the previous A.A.L. heightsquotod would appear to-be on the
low,$side if the suggested.ethod had been used. In marginal weather
conditions a lowvalueof A.A.L. is likely tc reduce the frequency bf
diversion but will proVably increase the frequency of overshooting'due to
adverse-performance. On-slant vAsibility-grunds the relationship between
overshootiig and the value of ,.A.L. is not obvious because of the difficulty
of relating slant visibility to the cloud~oasc. ts -thcre is little operational
data available it is impossible to assess whether or not the present A.A.L.
values in usodo in fact give the right order of compromise betwon-diversion
and overshooting.

It is considered that the test technique given inthis report will give
an L.A.L. value which is satisfact6ry on performance grounds and only a
systematic assessment of actual operational experience -will show whether or
notthe value sheld be modified to, give a bettor compromise.,
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~Table I

Gearing variations nassible due to tolerancesallo,7ed in -etin4n K/-t:.e Looisaer benm ":

Teat Biean Chr-otristies

Glide nat. transA _te__. r to locier tra__niter.(dL z:ne "99

side of t des. 2.0 2.25___ 5
fnr om preferrediethrre

4750 ft. range .2
Actual vidth at QT70 ft. ran57 ft. 6_0 _ 07 6_O

Actual diath at 8 n.e. argse ft. 2040 2300 2550

Limits of affeutive A earinr At +28 +44 +60
change possible in goinj; to ahy 2LO it.,-2z -12 -2
other b , aassuming that the -
beam-widtha are wiihln the At +6 +19 +33

eetci d'-baundaria. ____.__ S r._ -31 -22 _-~i

Aetual =imm, gelrin uhae At +22 +38 5?4
poss!W usvnl stations ho'irg 17C tt. -23 ! -v 3  -..
-&Idth characteristics ;A Ziven
in-Table 3. At +5 +18 +3l

Notes Gearing j1 ;efined ts the si&TPI to Lae Aircraft control
system per unit lanear displcecent from the co= centre
line.

+ sign indicates a txjhter l3ering 4uoe Lo a raorrer beam.

- sign inditates a slacker geovrxn due to a wider beam.

it
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Table 2

Gearing variations possible due totolerances
n alo~red~n setti up te Gide ?.th beam

- T., est Beam Characteristics

'BeeinL argb dogs 2.9 -. 3.0 3.1

Width-above i degs. .2~ ~ --
Widthnbelow 9degs. '.7 _ 2! 6 ~ I. _

,Limjts ofi effective.% Above o +3,6 +2+ 4 :7 6 +5+
gearing chang e - 46 -26 1-7 -. 4 -24 -3 -42 -Z1 0
iin going to nyother , o -S beamassumingthat the 6 + 4.
Ibeam widths are-within Below ' +12 t +3 +134 +20 +6 +1,3 +219
'he secified boundaries. ---9 -29 6 -6B -Y7 -3 -67 -24 i)

Actal axium% l vO 1) 14+45 0 +14+0id 2 5gearing-change possible -47 -28 -9 -45 -25' -5 -43 -23 -2
Using-stations having - - - - - - - -
width characteristics Below 0 +4 5 +92 0' +50 +98 0 +55 +104
as given-in Table:3. g -_64 1 0 1-53 -16 10 62 1-13 0

Notes Gearin is-derinad as the aignal to the aircraft control
system-per unit linear displacement from the beam centre
line.

+ sign indicates a tighter jearin due to a narrower beam.

- sign indicates- alaecker getring due to a wider beam.

It
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I.L.S. Beam Cracteristics for R.A.P. Stations (1959)

acaliser to clisr Bim dereferred

iocaiaer to Ancglee toIo ld

s Tuch Do Offset Widt deg. VF' f t. Ifiath Centr

Staio Gid Pth mid oa degs . ftd240 t Angle
___ __ne _ ft. W 5y ft. -port Stba at4 75O ft, at 8 n.m.

(Limits +30 (Luiits +23

b-o 5239 6239 3.7 2.83 2.8 -2

Acklington 5292 6557 3.6
Aldergrove - - -

Ballkelly 4313 5328 4.16
Bassingbourn 6964 7964 - 2.4 2.32 -3 -5 3.
Benson 6756 7756 -

Binbr gk 4510 5371 3.6 2.8 2.8 -10 +8 3.
Bruggen 6509 7540 3.06
Cltishall 5780 6350 3.37
Coninisby 9520 10520 L 2.18 2. +10 ;8 3.
Cottesmore 9500 10500 - 2.2 2. 21 49 -7 2.

mshfrth 4262 5262 4.2 2.62 2.75 -15 45 2.

Finningley 7850 8%0 2,66 2.38 2.41 45 -2 2.

Gaydon 'o.1 10010 11110 - 2.36 2.23 +19 -2 3.
Gaydon No.2 9980 10980 2.18
Guilenkirchen 6234 '7140 3,18
Honington 10400 11200 - 2.5 2.23 +25 +1 2.

Kinloss 4607 5607 3.97
Larbruch 8200 9208 3.4
Leconfield 5270 6270 4.0
Leasing---
Leuchars 6840 7840 2.47 2.5 2.33 -3 -3 2.

loneham 4576 5589 4.0
Manston 9738 10988 -

Marham 10169 11215 - 2.07 2.07 +8 -11 2.
Middleton 5721 6721 3.42

* rSt. 'George

Scampton 6850 7850 2.96 2.7 2.7 +9 +9 2.
Shawbury 4937 5556 3.78
Strubby 6340 7380 -

St. mawgan 9800 I0600 - 2.58 2.58 +31 +10 3.
horiey. Island 6200 7260 3.18

Up 3 3988 4988 4.4
Valley 4680 5693 3.93
-waington 7385 8144 2.71 2.42 2.59 +5 +2 2.
Wattisham 4600 5612 3.98
Watton 3499 4499 4.8 3.0 2.8 -18 +9
West Malling 5800 6810 3.37

West, Rayham - -
Wndnrath 6800 7798 2.65
Wittcring 10400 1500 - 2.37 2.3 +24 -1 3.
Wyton 5900 7022 3.32 2.56 2.32 -11 -5 2.

Notes: + sign indicates wider beam,
- sign indicates narrower beam

4{ ,



I.L.S. Bea Characeeristics for .A.P. St-ations (1I

ade" er to caiser Beam, from Preferred Glide Path Beam % froma Preferrede o Angle~of Loaie em rmPeerd - Glide Path width egs. Width
ffre Dtre olo a Wid .degs. t Width - Centre Line - --. . Wdt_-250ae o 500 ft. 2,400 ft. oae.
degs" Port Stbd at 4.750-ft. at 8 n. A Q e _ve_ Belows Above P Below

(Limits -i3 (Limits 423 (Limits +27 (Limits -32r"D) -2)l -27) 3

3.0 9 3.7 2.83 2.8 -2 +11 3.07 .38 .61 -17 -21
7 3.6

!8 4.16
3.0 ; - 2.4 2.32 -3 -5 3.0 .39 .64 -13 -15

;6
3.0 j.6 2.8 2.8 -10 +8 3.0 .41 .64 -9 -15

3.06
3.37

3.0 0 2.18 2.9 10 L-8 3.0 .45 .83 0 +11
2.90- .2 2.21 49 -7 2.98 .52 .62 +16 -17
2.92 4.2 2.'62 2.75 -15 ;5 2.98 .53 .56 -19 -25

2.66 2.38 2.41 +5 -2 2.96 .42 .79 Z-5 +7
3.00 - 2.36 2.23 +19 -2 3.0 .4 .69 -7 -8

2.18
3.18

2.9 ,- 2.5 2.23 +25 1 2.98 .5 .56 +12 -25
7 3.97
8a 3.4
0 4.0

2.9 2.47 2.5 2.33 -3 -3 2.94 .44 .65 0 -12
9 4.0
8-

2.9 5 - 2.07 2.07 +8 -11 2.9 .52 .89 +20 +23
3.42

2.9 2.96 2.7 2.7 +9 +9 2.94 .44 .65 0 -12
6 3.78

3.0 - 2.58 2.58 +31 410 3.08 .k9 .68 +6 -12
0 3.18
8 4.4
3 3.93

2.9 2.71 2.42 2.59 +5 42 2.92 .47 .60 + -18
2' 3.98
9 4.8. '-0 2.8 -18 +93.37

2.65
3.0 - 2.37 2 .2' 3- 3.0 .60 .74 +33 -l
2.912 3.32 .2.56 2.32 -11 -5 2;99 .38 .63 -15 -16

No-es: + sign indicates wider beam •
• - sign indicates nrrovor beam

- ___ - _ . "z ---



I. L6S. Beam Characteristics for M"aeelAnes-Aerd s1~

T T Localiser-to LO eie Be=m-~fm Preferred
Losliscr to iuh D Angle of W des. - Width Glide P;

,Acrodrroe Oparator Glide .P~th -c ft Ofse Cedttret
DI f. End of t ft. 2,400 ft. .tr

______ _ 1 is* ft. wa yu ft. g Port St a j50 ft. at 8 n.. A-gl0

Bosoomc Dom ) M.0.A. I 9900 11400 2.0 2.25 +8 2 -10 3.1
Beaford ILo.A. 1020o 1.9 1.9 0 -19 -
'Granficld college-o 2 20 .4 2.4 -8 -4 2 .8

" t~~~Aronautics " "! !
iW.rten j qlish, lectric 6600 2 3.1 3.1 +22 +2Z, -

1/___ _ _

-- -- - -



T.LS. Beam Charieteristics or- M31seiaeAj~ns(90

1ser to -LcalisBerB 7cm Preferred GiePt'em fo rfre
to Path~h Down IAngle of Width -deas. __ ith Glide'Path -ld~t em W eirfre

Ai wit '-e---. Width
re Llnd s- '500'ft. k2,400 ft. Cetr Lie150 - ;250
'-0 degy ft digsf. 'Pr Stbd at 4,750 ft. at 8 .. , Angle 9deg". Above 2 Below,9 Abovc-c Below

___________ -- raits-+0 (Imt +23 (Limat 27-~ its +32,
-20) , .i -27) -56)

41 400 - 2.0 2.25, +8 -10 3.1 .40 .70 14 -10
- 1;_9 1.9 0 4;19 - - ---

- 2.4 2.4 - -4. 2.8 .45 .50 +7 -29

-2 -3.1 .1 + 22 +24. .. - - -



Tanble 4~v
Results of'Controlled Check oe I.L.S. Looalizer Receivers

Input Sinal =" Im Volt at I
l08.3 mc/3 modubated 2C(Y4by
150 /s -a 20$ by 90 c/a

Localiser Meter Current
Stb' T et Up Tone ratio Odbo e+4bs -4dbs

ID~; Station Dt 0Remrks

796 Bedford 8.1.59 0 90 80
966 7.J.59 -5 90 96
H65 5.11.58 +5 83 72
A281 Bassingbourn 7.4.59 +5 100 95 Set up at dyton
890 Wyton 7.-.9 3 00 93
AE56 "0.4.59 +3 105 95
AIO Cotteoore 20.4.51 0 85 85ANIo -...2 85 87i
e92 Honnington 17.4.59 +2 12,5 120 )Chocked on
W426 - +10 105 85 20.4.59
631 Duxfora ? +3 105 95 i Ncit s Makers
D3g " - 105 115 Seal Uinbroken
API Uaterbeach ? -5 95 105
As ? +13 103 75
91 Gaydon 1.1.59 -2 80 8
1022 approx; 0 68 67 sot up at20.3.59 totteerer€

AL54 Saampton 17.3.59 -8 18A I )Cheocked on
1D5.5 ',-20 105 1 7..59
H17 Witterirg ? 3.59 +I 8. 80 Checked on
F85 1 " .4 85 7P 20.4.59
1263 Tanpere 17.4.59 +1 75 72
12(R 1964A) 20.4.59 -2 90 92
968 16.4.59 0 78 78
'91 Finningley 20.4.59 -1 90 89 )Cheeked on
AL57 " 100 100 )20.4.59

_-a 1A22 waddington -7 126 112
J8 +6 i1O 6
85 Binbrook 25.1.59 -3 84 88
AA60 " " 42 88 8
822 Watton ? +5 109 93
F44 Odiham 27.2.59 -12 70 88
Ji9 " 4.2.59 -8 43 57
AP5 StradishAll +4 1O 98 U-ker3 unbroken
192i i ? +1 99 91 seal

4, (N.B. /(Amps in this column are approx. equal to minutos of are course error)

4 5



-Apedi I-

Method for Estimatng Height Required for Flare

Assumption$

Given thatthe aircraft is initilly on a 30 approach path and-is required
to touch down at 2 ft./sec. vertical velocity it is assumed that -the normal
acceleration during the manoeuvre is a known constant value. The speed during
the manoeuvre is also assumed to be constant but less than the app: cach speed
and' the value used is obtained by taking a flight path deceleration of 0.1g it
n-- 1.0. This deceleration is assumed to be proportional to n over the rage of
values considered.

On these 'assumptions VA = VTD + 0.1 ngt where t is time for flare.

hene L = +0" nVF (a-86) and for e 30

S32VTD w .hereVTD is

e2.62i 1 0-n 1 38.2 exprcssed in
-T ft./se

This expression is plotted in Pig. 1, Appendix I for values oZW and the
approach speed VA.

The sean flare speed Vp is assumed to be given by

V A + VTD

j and this can be obtained fro sig.1.

Now h = R sin 8 tan e/2 - I sin Oo tan eo/2
SFor small angles h - (02 - 002)

where an,0. A

eo fo8 30
Hence for 

2 _IT (r2o_ _ 
2

ih I
v 

NO D

2 (n - 1)
n hero Vp and

VTD are expressed
; in ft./iss.

This expression is plotted in Fig. 3 for values of" n and apprwoh seeda VA.

1.. -

i oi; 9



-APP.1.F IG.> 7

IASSUMPTIONS,%-
FLARE FROM 3- APPROACH4 To ZFT/SEC'4VERTICAL VELOCITY(
AT- TOXH DvOwN. TH PuImTY PATH is ASSUM1ED TO-WE11 A

bCIRCULAR: ARC WoT*4 CONSTAm-T t4EAN SPSEg VA 4: Vlrb AN.
CSTAN NOML t-ERATII4 -

THE MEAN SPEED IS OBTAINED BY ^SUMINC_ TE PUCAHT PATH
01iCtLENATION AMO-lE AT Th.1-0 AND PRopovTnOmAL TO- 7L

RATIO OF APPROACH.
SPEED TO TOUCH.

IIO

2- i0

1.10

1.1

RATIO OF APPROACH SPEED TO
TOUCH DOWN. SPEED.



MethodfrEtntMSdetD~itfQ

saiveno the time to COMPlete the acoave( the maximumu angle of bank

(~,themaximtm rate ofbaflk applicktioOf (pX), it is assumed that bank 6ngle

applicationsa are sinusoidal-flith time up to the ai um alues ab rae eouaii in por't and starboard directions.) in all, cases the maximu lale atemu ofn

Hbank applicatiolsiS attained and if the time available is l~Stemxmmbc

angles are attained sa- maintained onustant for 3soe period depeodin8 -on the total

time available.

CseAC (1) 
(*01 P

POR V ~ wsuiSC.mfYbnkdtw

T 0 11.Y

Rt

CI 
I hn

'VY. Inl i i f 0all * Y

Treng angl t*~ s th~~ infl ti-e

~ ~St

8t1S.aL-6



i-i2-
:E pig 2 it is assumed that the .bdnk app"iCaioii~from 0 to -1 is given by.,

*=!*Cos ~t - -- ---- - ---- ---

L2O 2B here, 4 may, equa)-, or may be less and'eh te~

2 j )(

j u0 0 y 0)" 2a
2

Yj . 1,01 ( tj 
-- - - - - - -- -- - -- - - - - - - - 

2

From time Ito2 o s 41i onst S4,on~ly applicable for cases

wihere is attained~in time available i-e. t 2 > 0

y golt
2 + Cit +C2

0 1 e~jyy C2  YJ

2

80g41 tz + g4' !I

Y2j . + gol t1 t2 +y

Y 2 . t(t2 + tj tZ) + .149 &h t 1Z 
- - - - - - -  ()

Frw time 2 to 3~ is assumed that the bank1 application over this

period Is given by

0w 1 Co 2Zt1- t here

52



- .3- Appendix n 05ot,d

e- y Y2 g 9(t 2 + -'I
2

) +, t I  2 + t19 ,Y~? ) 2 1t
C2 4gt+ y2

Y3 = (1.O 3t 1
2 

+ .5 t 2 + 1.5 t t +2)

i.e.. when t 2 > 0-+.
-
-= k

Y3- 8 (.i053 t1
2 

+ .5 t2
2 

+ 1.5 ti t 2 ) - ----------- (5)

when t 2 a - =~ 0 (6)

(3= 4 1 1053 tj2) ----------- - ----- - 6

The manoeuvre is assumed to be symmetrical with the same maximum angle
of bank used in port and staroard dfreotions- hence:

Y6 
= 

2y3

Now assuming that the maximun rate of roll p : 'is always attained,
this value will be reached' in time t = tj/2

From (1) , g4j, i j at t ati

S ------- - - -.--.---.---- (7)

2 t. -,

If T is the total timo available for the manoeuvre then in the ,eneral
csewhere t2 >0 andA =1

then T - 4ti + 2 2 honce t2 .c (~21-2t)

nce Y6 =25 l (i.05, t
2

+ .5 t2
2 
+1i.5+1 t2 ) -,--....(8)

n the as w here t - .

2

,=, _~._._~_ _- -_ -.. ...... . . ...._-- - - -- (,



V -4-Appendix Ifcont'd

Case (2) Traelcin Angle of start of Manoeuvre,* 0)

CA 4 t

Assumptions

In comp&Xind this Case With Ca3!0 (1) it is assumed that after having
attained * 3 dn both Cases the minouvres-are identioal, for given values of
tj an b2ut that these value' r modified In the first part of the manoeuvre

t ian as indicated in Figs. 4 and 5-

Prom time 01tol 11 f o-il os /a ) t where () a

t- I~~ ( '.in at) + Ci

y g-ki(t 1 003 9at) 401l 402

0v~ Cl(V2t t ,)
Yr~ 4* 2- 41

4 __ ___ ____ _ __ ___ ___ ___ __ _ 2P



1 i°'/ _o _ __, = 1
- 5 -Apendix 37 cant'a

Pron time 11 
to 2

1 
hi1

1
isoont-

y=gj~
1

t2 + Clt + C2

S +Vt c tj I+t-Vo y yl 1 'C2  Yl
2 _

_y2
1 

= g,1 t22 + gl j
1
1t 2

1 
+ .ot 2 l + o149g4ltl1

2 
+ VYotll

y2' = 9
1 

,(t 2 l2 + tlt 2 l) + .14980i 1
2 

I V1o t( t1 l)

-....(ii) I,
Pro tim 2

1 
to11 0 = oos ( i ) 1 03 a t

-... 4 -y=-goos a t+ Ctt +C 2

giving j =3 gfii (-053t 112 + .5t 21
2 

+ 1.5t1 1t21 + V*aQ(2tl1 +ti

and as before

when tit > 0 4 1
1  

OX

Y3 1053t,12 + ;512+ 1.5t11t21 4+Vto (2t11 + t21

. (12)

when t 1 =o

I general the problem is to plot the axiom allowable sidestep distane

given total time (T) to carry out tsennoauvre. The mail= allowable bank
angle (0)'and rate of' roll (.) will also be given.

I order to do this it Uznecessary to consider particular oases as the
shape of the curve of bank angle against tJM6 will vary with both the total
tim T and lso t0. With #0 = 0 and large values of T'the distribution will be
syetrioal'with flattop3, as in Fig. '2, where 4 is attained, but for s3el'
values of T the distribution will have no constant IM portion. The effect of
varyi to and T i easi Seln by conideringFigs. 4 and 5. In the parti-
ouler cases shown when o 

= 
0 ie have Case () already oonsidered and when to

has a value as Indicited we have Case (2). For" the given values of t t and't 2
but varyingT then *o may have any value upto *3., As to is increased the
value of t2 win reduoe tocero with t1 l constant - t and,0

] 
. fg and after

t2 l becomes zero both til and oi will reduce until they are both sero h .
4o "* In thio particular ease when #0 = , the bank acceleration wilt'
initially be Infinite but forpractical-values of to this condition Will not
normallY be attained.

Consider now the practical aase where the total time T is fixed then for
an value of to we haves

L T 2 +t,2+2t
1

+t 2
t



6 - Appendix 1' cont'd

r par3ticular cases it will be necessary to obtain values for t t2 tl,
-- and t2

1 
in orderto ev~luate Y, yl and hence yt. It will thus-be necessaryj to obteina re]Ationship'between t t t '1

1 
end 21.,*

+ tl
Fromnequation (4)(3 "E +gf (

40 64 3 =S' 0g (1.137t + t 2 )-( )

This engl t3 is turned through in time (2t, + t2 )

The anlet red through in time (2ti
1 
+ t2

1 ) is(* - o)

Hence (*3 - *o) = 940 (1-137ti . t2 )

and the required relationship betwiin tj t2 til afid t2
1 is:

90, 117 + t 60,
1 

(1.i37tl , -2 =-- -- -(15)

This equation together with T = 2t1 + t 2 + 2til + 2t 2 ,

where t =-x 09 if t 2 ;tO-an# 0 =

2 pad = 4 if 2l > o,a Oil

also"if t2 = 0 0 =2pt

andif t2
1 

="0 il= 2 t1i'

'enables .the required quantities to be, determined for all possible.oases.

The method ofoobteining pertioular points on the y6 to boundary will now

bedealt with in detail.

Method for obtaining points on y - *,, boundary curve

Given T, 4k, p and V it is required to plot Y6 against *0-

It will be foundin evaluating the points'that the time 7. is

signiticant in determining the shape of the bank angle distributiourye and

this will be called the Critioa. Time (t).

I.



a. jomr w~hen ±m > 2 (i lq~~sta ~
I., pin sodmxmm 4guesC of-fi ana yr (*X and Ypj)

A&Bame the two lisiting cases.

Case A only is consiaere as cs

will give the ieneq v alues withth
oppoite igns Inthe licitingcdases

Li tohe aki applied-ii one dreOti.on.

0 ~ ~ * " E 3 Wi t2
1 t =0

T = 2tj, 01 2pjMt

_ ene Y 3 = ±g ( 1.053t,2 ) rom (6)

a (1.137t) from 04i)

ST,.,

olt (In this case ~ at start Of
manoe Lvrc, hence results will be Optimistic)

2. FinavxIluesOftyt when *=e0

A & B are -the two Possible CaseS.
Case A only is onasidered as case B
will Sive the as value for Y6 with

* the opposite sign.

-~ hence

Y6 ±2i.(I.o53 2) fro.,(6),

A t ~



77 -.a- @ a
_8 - AopodiX 11 oontid

3. 'Find inteiediate values of X6 for -#4 < in L*.h

-For values oft1 < thr'ilbe
two &isible values- or d epending
which 'a the bank is made initially.

, , In cas A the bank is to port iui-
. tially and in case B to starboard.

co The values3of Y6 for *o -re wll'be
the same numerically as-the +vi $o

- .6(a)- valuas3buthaviS'the opposit 'sign.

0 In-Cas*'A

t 2  t -0, T -2- .

Now from (15) 1.137t, g - 1.t37t1l gk to
V V

also q =
2

pM tj n 5fl 2pM til

hence 1.137g x 2P. (t
2

- t11
2
) to

and subs. tj = T - +11 we have
2

2 Ttl = 1.38v,,,,,,,, or tI I- : .3*cv) - - - - (16)

Hene y
1 

=~ 1 11.o5,tl12) + Vt0 (2t11) from 0is)Hec ,il1= voo 1,1,(
y3= gi I (i0o3ti2) from (6) an&y Y6 + 7

In Case B I 2

(Interchanging ,= g 15t 1 )4V (t)
tA ith tilan

with 'N.1s 

a

81' ~lU~~i) f til, 01 and Oil1
worked out for

=6 -, + Y3 Case A.

J1L
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The Boundsry can nlai be plotted and will' appear as below: <

cflolK3.CASEA

I4,

b. Bounaad when l.<M<
2  whn* u,0 Nvbn o

i . Fid maimu vaus of andy -Y, and yx)

A & B are the two liaitingca3es.
Case A only is considered as case B
will give the same values with the
Opposite signs. In the limiting
caaes all the bank ia applied in
one direction.

T . 2t +t 2

t1  -w hence t 2

2 p

- M hence yU y, 3 (1 .05,'2 + -5t 2 
2 

+

from (5)

end j - 184A(I 137ti + t 2 ) from 014)



-10 - Appendix 1 oot'd

2. Fina values of:*t'aaA (oan Y

This case is similar to a.3'the only
difference being-that 41 4M1 and 4
is unknown. He nce from a.3 we have
'for

Case A,

Al __

ase e

as for1se A7

CCase B

&3 forcasea.5 1 1 A

1.' Pim5intaeo wuening values of

As for case a.2 as ,1 - #11 <

1,. Fin interedite values of X6 for-- < Ic < lo

L

I.



Case A:

t 2 l = 0, tj -

T =2ti + 2 1
1 

1 t

~b(A) *~1=jit 1  from (7) as RXcoast.

c b() From (5

t tt ~ Su...for 4,, ai~lt2 wege

2t1) 1 + 7*~~ - ___ x

hence t 1  
ad t2

Y 31  = gI h i ( i 0 3 l ) +v o ( t I )

= .4 1.05ti2 + .5t 2
2  

+ 1.5tit)

Case B

to as for case A

(interchango ti with t~l t2 with t2 l "nd OXwith 41)

Then y3
1 - 

-~ (1.053t 2 + .5t 
2 

+ 1.5tit 2 ),+ V*6 (2ti + t2)

Y + )'3 YUsing ValUeco
tand1 w ork.oi

for CasN



I ,

-12- Appendix iI contd

he -Boundary can now be plottedana will appear as below:

gl FROM 5 FROM . CAW.

FROM P CA6 ROM S, A9A

FROM Z.ASA

FROM -F~iOM 4.

FROM3 vRO( r .

FROM4 
"FOM.,

2. C SE

FROM I

FROM S. CAEFROM . CASE 8.

A FROM I.CASE-

4 .

1.* F~id maximum valuesof.and 6 (*X an& ym)

As f or mae b .1.

2. See ovr.
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2. Find vausof $and Y, when 41., (to and yc)7

jI >this case * has been, reduc d from
tto $ and,01 reaches 4bfr

t92 becomes zero. 'The case otherwise
is simiJer to b.5.

A Case A

T __ T I + 2t t
2

__ __ 2 1 t' where -= _

erom(15)

1*3t + t"r37~

f~ to , ence)

V

T

S8,(.~t1 2) + Vt.0 (2t,',)

1 053ot12+ .5t 2
2 

+ 1.5tjt 2 )o ., 6 -I_ .+ 3)

Case B.

as for case A.

y i -gf" ( 10t 1,2 + .5t 2
2 

+ 1.5t1 t 2) + Vt. (2t, + t 2 )

Yo -Y, ,;t73 +Y3]
Using valuls of
ti, t2, t1 worked
out for Case A.

, I-



,3. ?In& v tlues of zwhen 1o Ai 0

where t hence t2,

Y6 2y3  1;053t 2 
+ .5t 2

2
,+ 1.i5tt

2 )

i'

4. jind intermdiaeo values of y6for - <*,(t

Case A

T=-2t + t
1 

+2ti + t 2

v where t1  = ti1  1 h

A _Pfrom (15)

-'2 - t2 *

Shence subs. above t t

7,1 :a.nd , y. i t '1*1.0(a3t 2 + .5t212 + 1.Stilt2)1

s~~~~ Vt. ( 2q +j t2.~1t~

"96M, Y3 (
Y6= (Y3,I+ Y3

Case BS W to asCase A

Y;~~~~~~~~~ ~ ~ ~ ~ : -eu'1031 5i2+15i2)+V, 2i-t) Uigvle
of i"" t



5. ina ntersdiate values bf vfor 1 < 1

As ~roas~b.5e.5 or ~

The~ ~ ~ Bonaycnnwb~lotdadilap as for Case (b).
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